Introduction
The appropriate treatment of thoracolumbar burst fractures remains a subject of controversy. Nonoperative treatment of fractures without neurologic deficits with bed rest, postural reduction, and bracing has been proposed, with variable results [13, 32, 35] . Potential benefits of surgical treatment include visual decompression of neurologic structures, with restoration and maintenance of spinal anatomy [1] . Multiple parameters have to be considered in evaluating thoracolumbar injuries, such as the type and stability of fracture, degree of canal compromise, deformity of the injured segment, and neurologic status of the patient. Quite frequently, studies presented in the literature analyze a mixed cohort of fracture types without further differentiation, which leaves their results somewhat inconclusive. The present study therefore investigates fractures of a single type only.
If surgical treatment of thoracolumbar burst fractures is chosen, further debate arises from the appropriate type of approach. Anterior decompression and stabilization has been proposed for cases with severe narrowing of the spinal canal, complete comminution or dislocation, noncorrectable deformities, and, mainly, neurologic compromise [21] . In cases without neurologic deficits, however, most authors recommend indirect reduction with posterior transpedicular instrumentation. The AO internal fixator as a representative of these implants has been found to effectively restore the three-dimensional alignment of the spine and to provide rigid fixation [1, 2, 9, 14] . Transpedicular constructs enable limitation of stabilizations and fusions Abstract This study retrospectively reviews 20 sequential patients with thoracolumbar burst fractures without neurologic deficit. All patients were treated by indirect reduction, bisegmental posterior transpedicular instrumentation and monosegmental fusion. Clinical and radiological outcome was analyzed after an average follow-up of 6.4 years. Re-kyphosis of the entire segment including the cephaled disc was significant with loss of the entire postoperative correction over time. This did not influence the generally benign clinical outcome. Compared to its normal height the fused cephalad disc was reduced by 70% and the temporarily spanned caudal disc by 40%. Motion at the temporarily spanned segment could be detected in 11 patients at follow-up, with no relation to the clinical result. Posterior instrumentation of thoracolumbar burst fractures can initially reduce the segmental kyphosis completely. The loss of correction within the fractured vertebral body is small. However, disc space collapse leads to eventual complete loss of segmental reduction. Therefore, posterolateral fusion alone does not prevent disc space collapse. Nevertheless, clinical longterm results are favorable. However, if disc space collapse has to prevented, an interbody disc clearance and fusion is recommended.
to a minimal number of segments, thereby leaving uninjured segments intact and preserving maximal thoracolumbar motion. These benefits, however, have not been well documented in long-term studies.
The particular question addressed by this study was whether temporary bisegmental stabilization combined with monosegmental fusion only, could further contribute to a normal thoracolumbar motion pattern.
The study evaluated the radiographical, clinical and social outcome in 20 patients who had sustained thoracolumbar burst fractures of a single type (AO classification A3) without neurologic deficits in a long-term follow-up. All fractures were treated by bisegmental posterior instrumentation and monosegmental posterolateral fusion. The longterm results were compared to other operative and nonoperative treatment modalities in the literature.
Materials and methods
Between 1986 and 1991 20 patients (5 female, 15 male) with thoracolumbar burst fractures without neurologic compromise were treated with posterior indirect reduction, bisegmental AO internal fixator instrumentation, and monosegmental posterolateral fusion. All fractures were classified as AO "A3", which is characterized by at least partial comminution of the vertebral body with centrifugal extrusion of the fragments [30] . In the present series the largest subgroup consisted of 14 burst-split fractures (AO group A3.2). This fracture type is more unstable in flexion-extension with a higher risk of neurologic injury than incomplete burst fractures [30] . Patients with pathologic fractures or multilevel injuries, and those in whom treatment was delayed for more than 10 days, were excluded. The most common levels of injury were L1 (n = 7) and L2 (n = 6) ( Table 1 ).
Patient's average age at surgery was 33 years (range 13-51 years). The leading causes of the fractures were occupational injuries and motor vehicle accidents (Table 1 ). In 18 of the 20 cases the preoperative evaluation included CT scanning. In relation to the canal width at the adjacent, uninjured levels, the canal compromise averaged 43% (range 0-80%). During surgery, transpedicular grafting of the vertebral body was performed in six cases. Average operative time was 153 min (range 125-205 min) and average blood loss was 1170 ml (range 250-2500 ml). The patients were mobilized without external bracing on the 2nd postoperative day or as soon as their associated injuries would allow (average 3.9 days; range 1-7 days). The average hospital stay was 14 days (range 4-36 days).
All patients had their hardware removed after an average of 16 months (range 6-32 months). Follow-up averaged 6.4 years (range 4.5-10.4 years) after the accident and 5.1 years (range 3.3-9.4 years) after hardware removal. All patients underwent clinical evaluation, physical exam, and radiographs, including flexion and extension films. The social outcome was analyzed by a questionnaire as described by Coventry and Stauffer [7] . 
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Kyphosis of the vertebral body was measured as the angle between the superior and inferior vertebral endplate. Segmental kyphosis was measured as the angle between the inferior endplate of the superior adjacent vertebra and the superior endplate of the inferior adjacent vertebra (Fig. 1 ). This method of measurement incorporates both discs in the instrumented spine section. Overall disc height was defined as the average of anterior and posterior disc height. Follow-up measurements were expressed in relation to the disc height immediately after surgery. Using the technique of Tanz [36] , the motion at each of four levels was analyzed on flexion-extension radiographs: the motion at the uninvolved disc above the fusion, at the disc at the fusion, at the temporarily spanned disc below the fusion, and at the uninvolved disc below that. The overall vertebral body height was defined as the anterior height of the fractured vertebra divided by its posterior height (Beck Index, 4). The radiographic measurements were taken preoperatively, postoperatively and at the time of latest follow-up, except for intervertebral motion, which was measured at follow-up only.
Results
Initial vertebral kyphosis after injury averaged 18.0°( range 8°-27°). This improved after reduction to 5.4°( range 0°-10°), but deteriorated to 8.1°(range 0°-15°) at implant removal and 9.0°(range 0°-22°) at latest followup. The loss of angular correction from the immediate postoperative situation therefore averaged 3.6°(range 0°-13°).
Segmental kyphosis was improved by surgery from 4.2°(-4°to 21°) to -10.7°(-20°to 5°), but was found to average 4.6°(-7°to 23°) at latest follow-up. Segmental kyphosis was therefore initially improved by 14.9°, but the correction was lost at follow-up (15.3°of re-kyphosis). In two cases of incomplete burst fractures (type A3.1) the loss of correction was only half of the initial reduction. One burst-split fracture (A3.2) with a severely injured inferior disc showed a re-kyphosation of double the initial reduction value. In all other cases the loss of correction was similar to the initial reduction (± 15%).
The vertebral height (Beck Index) measured 0.59 (range 0.37-0.80) initially, 0.88 (range 0.58-1.00) postoperatively, and 0.80 (range 0.46-1.00) at latest follow-up. The loss of vertebral height averaged 8% (range 0-36%).
Disc height decreased considerably at both evaluated segments, with a twofold greater decrease at the level of fusion (Table 2) .
At time of implant removal five screws were broken (three patients), and eight screws bent (seven patients). In two patients implants could not be completely removed. No screw broke before 12 months' follow-up.
Comparing flexion and extension films, the segmental motion analysis of eighteen of the fused segments showed no motion. The two patients with residual motion complained of mild pain during heavy exercise. Motion at the temporarily spanned segment was normal in five patients, reduced in six patients and not detectable in nine patients.
Patients returned to work at an average of 6.4 months (range 2-24 months). The patients without any concomitant injuries (n = 11) returned to work at 4 months (range 2-6 months). Eighteen patients returned to their previous occupation: seven were heavy laborers (farmers or manual laborers), five had mixed strength requirements (nurses or small business owners) and six had desk jobs. Seventeen patients rated their subjective result as good, and two were satisfied (Table 3) . One patient who had been unable to return to work due to constant pain, rated the procedure as a failure. We were unable to locate the source of his pain and he has refused further evaluation. The social outcome score according to Coventry and Stauffer [7] showed 16 good results, three fair results and one failure.
Discussion
Thoracolumbar burst fractures are the result of rapid compressive loading, and account for approximately 15% of all thoracolumbar injuries [16, 19] . Whether to treat these injuries operatively or nonoperatively still remains controversial. For patients without neurologic deficits and with stable fractures, conservative treatment with bracing and early ambulation may yield good results [5, 32] . Nonoperative treatment of unstable fractures, however, is also associated with the risk of neurologic deterioration [13, 20] . Although fracture stability is therefore part of the decision algorithm, it generally seems difficult to define conclusive stability criteria for these injuries. However, the AO classification system combines type and stability of the fracture in a grading system that seems widely accepted [30] . In the present series all fractures were rated according to this system as "stable" (A3, with 14 fractures subgroup A3.2.1), as by definition in this type of fracture the posterior elements show no or minor injury only. Fractures of this type were included exclusively. Quite frequently, cohorts presented in other studies represent a variety of fracture types, which may well influence the outcome, and thereby leaves the reported results partially inconclusive.
Once the decision for surgical intervention is made, the type of approach and instrumentation are issues of further debate. Indirect reduction and posterior transpedicular instrumentation is frequently regarded the procedure of choice because it offers advantages such as shorter operative time, fewer blood transfusions, faster mobilization, and a decreased hospital stay resulting in lower costs [16] . However, several further issues are of particular interest.
Spinal canal compromise
Recent studies have shown that posterior indirect reduction corrects the canal compromise adequately due to a combination of distraction ligamentotaxis and forced hyperextension [26, 34] . The canal compromise remaining postoperatively may further decrease to near normal over time due to the pulsations of the thecal sac [5, 23] . The present study did not investigate postoperative CT images, due to the pre-and postoperatively intact neurological status.
Vertebral height reconstitution and correction of kyphosis
Following fracture reduction and initial reconstitution of spinal alignment, loss of correction over time is frequently observed after posterior instrumentation. Due to rigid fixation of all three spinal columns, transpedicular stabilization with longitudinal rods is supposed to maintain reduction more efficiently than classic posterior fixation systems with a "rod long, fuse short" concept (e.g., the Harrington system) [3] . Specifically, the AO internal fixator has been found to be a valuable and effective device [1, 2, 17, 28] . In the present series the vertebral body lost 8.0% of the corrected height and 3.6°of angular correction (Table 2) . This correlates well with other reported results of posterior instrumentation [1, 14, 28] and is an improvement on nonoperative treatment [6], but not as good as anterior [21] or anterior-posterior [11] instrumentation.
Concerning segmental kyphosis, it seems important to note that loss of correction increased significantly during long-term follow-up, with most of the changes occurring at the level of the fused disc ( Table 2 ). The disc below the injured level, which was temporarily stabilized only, further contributed to the kyphotic deformity, most likely due to sequelae of extensive traumatic damage, which may be confirmed experimentally [19] . Also, the deformity progressed after implant removal. In most of our cases (17 of 20) loss of correction was in the range of the initial reposition. Most other studies do not present follow-ups beyond implant removal or long enough to observe this pro-287 gressive kyphosis (Table 4) . However, within the first 6 months of follow-up implant failure of short-segment pedicle fixations has been reported in up to 50% of cases [31] . In our study, no broken screw was noted before 12 months follow-up, which seems to indicate fatigue failure due to long-term cyclic loading. Interestingly, implant failure was not related to apparent pseudarthrosis. Transpedicular bone grafting of the collapsed vertebral body has been found to support the maintenance of postoperative reduction [8, 10] . This was performed in only six patients of this series, but has in the meantime become routine practice. We now also attempt to remove the injured disc material through a transpedicular approach and replace it with bone graft, to prevent the progressive kyphosis within the segment. First results are encouraging [22] .
Motion
Limitation of the number of definitely fused segments is regarded an important concept of reconstructive procedures. The disc temporarily stabilized by the fixator went on to auto-fusion in 9 of 20 patients, showed reduced motion in 6 and normal motion in 5. The residual motion was, however, not related to the clinical outcome. Lindsey et al. [29] investigated residual segmental mobility in patients who had undergone transpedicular fixation for thoracolumbar fractures and no attempted fusion. In cases with endplate disruption, they found essentially an ankylosed segment. This suggests that in cases with severe disc injuries no detectable residual motion may be expected. Osteoarthritic changes in the facet joints after temporary stabilization, as described by Kahanovitz et al. [25] , further contribute to a stiffening of the segment. However, a return of segmental motion after temporary spanning with Harrington instrumentation and removal after 12 months has been documented [12] , although the motion pattern remained abnormal [15] .
Clinical outcome
Our long-term follow-up concerning pain and social reintegration shows good results in 90% of cases by the Coventry and Stauffer scale; this is as good or better than results reported for both operative and nonoperative treatments [1, 6, 24, 28, 31, 32] (Table 4) . We found no association between the degree of kyphosis and pain score, which is also supported by others [6, 32, 33] . Therefore, even with long follow-ups, good functional results do not necessarily depend on good radiological results.
Conclusion
The current study was done retrospectively without control groups. Therefore, we can not conclude that all thoracolumbar burst fractures without neurologic deficit have to be treated surgically nor by bisegmental posterior instrumentation in particular. However, it could be shown that posterior instrumentation with the internal fixator is able to completely reduce segmental kyphosis and that vertebral body deformity can be sufficiently restored. The bony loss of correction within the vertebral body is small, but disc space collapse leads to eventual complete loss of segmental reduction. At follow-up, the temporarily fixed caudal segment shows no useful motion in 75% and contributes to the late kyphotic deformity. If disc space collapse has to be prevented, it is advisable to perform an interbody fusion in the cranial segment. If severely injured, the caudal segment should also be fused.
For thoracolumbar burst fractures, we therefore now attempt to remove the injured cranial disc through a transpedicular curettage and replace it with bone graft, with encouraging early results. References
